Summary: Anastomotic dehiscence following resection of the large intestine is a serious complication. Satisfactory results of single-layer anastomosis depend upon meticulous technique and a scrupulously clean colon. Out of 65 single-layer
Introduction
In 1887 Halsted reported the results of a series of elegant experiments on intestinal suture in dogs. He recognized that it was not the mere presence of bacteria in the peritoneal cavity that caused peritonitis after intestinal anastomosis, but failure at the suture line. He pointed out the importance of the submucosa and demonstrated the adequacy of a one-layer anastomosis constructed with fine interrupted silk. More recent experimental and clinical data also seem to favour single-layer methods (Letwin e/ al. 1967 , Orr 1969 , McAdams et al. 1970 , Hamilton 1967 .
However, single-layer intestinal anastomosis still has not gained orthodoxy. In fact, the clinical use of a single-layer method in rectal anastomosis has seldom been reported. A notable contribution on this subject was the report by Everett (1975) ofa controlled clinical trial contrasting single-layer with the traditional two-layer technique of suture for 'high' as well as 'low' rectal anastomosis. He found no difference in the incidence of dehiscence between the one and two-layer techniques of suture after 'high' anastomosis, but a significantly lower incidence after the one-layer technique for 'low' anastomosis. On the other hand, in a carefully documented clinical trial, Goligher et al. (1977) found a higher incidence of anastomotic failure after the single-layer method than after the two-layer method for both 'high' and 'low' anastomoses. Lastly, Matheson & Irving (1975) reported the results of their 6 years' experience with single-layer rectal anastomosis in 52 patients. Their incidence of anastomotic failure was 5% after 'high' and 7% after 'low' anastomosis.
Methods
Sixty-five patients undergoing resection of the large intenstine and end-to-end single-layer colorectal or ileorectal anastomosis are the subject of this report. Their age distribution is shown in Table I . The youngest patient was 43 years old and the oldest was 85 years of age. The average age was 65.3 years. The indications for operation are summarized in Table 2 ; carcinoma of the rectum was the commonest diagnosis. Six patients were submitted to a total colectomy with i1eorectal anastomosis: 4 had lower gastrointestinal bleeding, the site of which could not be localized; one patient required excision of the colon and low i1eorectal anastomosis because ofmultiple synchronous carcinomas of the colon and the rectum; and the sixth patient underwent a resection of the remaining portion of the colon and proximal rectum for a third metachronous carcinoma.
All patients were admitted at least 48 'hours before operation. In the absence of obstruction the bowel was thoroughly cleaned with aperients and enemas. In resection for carcinoma, division of the inferior mesenteric artery and vein was either at the level of origin of the artery or more usually immediately distal to the left colic branch. The anastomosis was constructed with a single layer of interrupted sutures of 4"0" silk or 5"0" non-braided monofilament stainless steel wire, placed approximately 5 mm apart and incorporating all the layers of the intestine including the submucosa but excluding the mucosa. The sutures were tied snugly to achieve apposition rather than inversion of the intestinal ends. After the completion of the anastomosis the abdominal cavity was irrigated with copious amounts of warm saline. Drains were not used. A proximal-colostomy was established either concomitantly or previously in 5 patients, Patients were carefully monitored postoperatively for rise in temperature and pulse, leukocytosis, distention of the abdomen, time of return of peristalsis and signs of pelvic peritonitis. Opaque enema studies with Gastrografin were done at the slightest indication of anastomotic failure.
Results
It is well recognized that the incidence of anastomotic dehiscence is higher for anastomosis below the peritoneal reflection than for one above the reflection. The results have therefore been assessed according to the level of the anastomosis. The details of the two groups are summarized in Table 3 . There were two postoperative deaths in the series, both from complications of suture failure. One additional patient died almost a year after operation, also from complications related directly to anastomotic dehiscence. Out of38 'high' anastomoses 4 leaked; 3 of these were significant enough to warrant a diverting procedure. Similiarly 4 'low' anastomoses leaked; only one of these was significant and required a diverting procedure. The average age of these 8 patients was 69.5 years compared with 65.3 years for the entire group.
The incidence of anastomotic failure was 8% in patients with carcinoma and 14.3% in patients with diverticular disease. This was surprising since many patients with carcinoma had 'low' suture lines and high ligation of the inferior mesenteric artery, while the anastomosis in diverticular disease was usually 'high'. Leakage occurred in 1I% of anastomoses performed with monofilament stainless steel wire compared with 13% of anastomoses constructed with silk. The sample is too small to draw statistically significant conclusions about the influence of arteriosclerotic heart disease, diabetes, peripheral arteriosclerosis, anaemia, malnutrition, intraoperative hypotension and blood transfusions, renal disease, extracolonic malignancies and medications on rectal anastomosis.
Average duration of postoperative stay in hospital for the entire series was slightly over 14 days.
Discussion
To preserve the anal sphincter mechanism after adequate removal of carcinoma of the rectum is a challenge which colorectal surgeons have accepted only recently; up to 1950 most malignant neoplasms within 15ern from the anus were treated by total excision of the rectum and a permanent iliac colostomy. In terms of operative safety and cure, the results achieved by this method have not been bettered. Where progress has been made is in the avoidance of a permanent colostomy. For further progress the surgeon must divert his gaze from the tumour and its excision to the patient himself. He must understand the haemodynamics at the cut ends of the bowel, the biochemistry of wound healing and the behaviour of Iivirig tissue in the presence of foreign material, sepsis and ischaemia.
Integrity of the anastomosis depends upon several factors. Lack of tension at the suture line, an adeq uate blood supply at the two ends of the intestine, a meticulously cleaned colon, attention to technique and choice of proper suture material are all equally and simultaneously important. Under ideal conditions, healing at the anastomotic site occurs promptly in the presence of adequate tissue protein and an uninterrupted supply of collagen at the site of anastomosis. Some degree of collagenolytic activity occurs normally after operation. Should this persist, disruption of the anastomosis will occur. Infection, local sepsis, the presence of foreign matter such as rubber drains, prolong the collagenolytic activity. Chromic surgical gut, the suture commonly employed in two-layer anastomosis, is absorbed by the action of proteolytic enzymes and therefore prolongs the collagenolytic activity at the site of anastomosis. Moreover, two layers of tightly drawn and often continuous sutures do not always produce a watertight seal, they strangulate and often cause ischaemic necrosis and, at least theoretically, are inappropriate for living tissue.
The differences between reports remain. We believe that the differences in technique account, at least partly, for differences in reported leakage rates. For example Everett (1975) as well as Goligher et al. (1977) used interrupted stitches that traversed the full thickness of the bowel wall including the mucosa. On the other hand, Matheson & Irving (1975) used 3"0" braided nylon sutures that traversed all the layers of the intestine except the mucosa. All the above authors assessed the incidence of dehiscence with postoperative opaque enema studies.
